The retention index increment for the addition of a methylene group to the alkyl group of an analyte molecule is shown to be lower than 100 i.u. for N-substituted amino s-triazines. In temperature progammed gas chromatography, a linearly interpolated retention index I, determined from the linear regression equation, I = AZ + (GRF) z , with the number of atoms (Z) in the molecule as variable, was used to describe the retention of 25 N-substituted amino s-triazines, on DB-1, DB-5 and DB-WAX capillary columns, divided into five series according to the similarity of the alkyl groups in the particular series. In the above equation, A is the linear regression coefficient or the retention index increment per atom addition, Z the number of C, N and Cl atoms in the molecule, and (GRF) z the group retention factor or functionality constant for functional groups in the molecule, based on the number Z. It is possible to estimate the retention indices of an unknown member of the series from the Z, A and (GRF) values.
INTRODUCTION
One of the most powerful tools in analytical chemistry is without doubt gas chromatography. Unsurpassed as a separation technique, it produces one single value for each analyte, which may be used for identification purposes. Gas chromatographic retention is a very complex process since it involves the interaction of a multitude of intermolecular forces such as London or dispersion forces, Keesom or dipole-dipole forces, Debye or dipole-induced dipole forces and electron donor-acceptor complexation, including hydrogen bonding forces. Other factors, such as adsorption at the gas-liquid and liquid-support interfaces, steric hidrance of substituent groups within the solution molecule, etc., also affect the retention. 1, 2 An early observation by James and Martin 3 was the fact that a plot of the logarithms of the corrected retention volumes of members of a homologous series versus their carbon number was a straight line when homologues of at least five or six carbon atoms were considered. A straight line may be clearly observed if the logarithms of the adjusted retention times are plotted versus the carbon number. Based on this idea, Kovats 4 proposed increasing the number of reference substrances by presenting his retention index system. In the Kovats retention index system n-alkanes are the retention index markers. Their I values are arbitrarily assigned to equal the number of carbon atoms (n) in the molecule multiplied by 100, 1,5 thus:
The Kovats retention index system uses logarithmic interpolation for calculation of the isothermal retention index of an analyte molecule bracked by the retention times of two adjacent n-alkanes, while the temperature-programmed retention index system uses linear interpolation. In temperature-programmed chromatographic system, Eq. (1) can be derived from an equation that equates the retention index to the summation of atom and functionality contribution of the analyte molecule, 2 thus:
where A is the linear regression coefficient or the retention index increment per atom addition, Z the number of C, N and Cl atoms in the molecule, and (GRF) z the group retention factor or functionality constant of the functional groups in the molecule, based on the number Z. Equation (2) is reduced to Eq. (1) for n-alkanes, by seting the term (GRF) to zero because of the absence of functionality in the molecule, and A is arbitrarily assigned a value of 100 index units (i.u.). As a part of our study [6] [7] [8] of chemical structure-retention index relationships, we report here a study of the retention of a series of 25 N-substituted amino derivatives of s-triazines, 11 compounds of the general formula 2,4-bis(RNH)-6-Cl-s-triazine (di-N-substituted alkylamino derivatives of s-triazines), 4 compounds of the general formula 2-RNH-4,6-Cl 2 -s-triazine (mono-N-substituted alkylamino derivatives of s-triazines) and 10 compounds of the general formula 2,4-bis(RNH)-Cl-s-triazine (di-N-substituted cycloalkylamino derivatives of s-triazines) (Fig. 1) on capillary columns of different polaryti (DB-1, DB-5 and DB-WAX). For eaisier discussion, the alkylamino derivatives of s-triazines are divided into series as given in Fig. 1 .
EXPERIMENTAL
The GC analyses were performed on a Varian 3400 gas chromatograph equipped with a flame ionization detector and an glass split-splitless sample injector (1071 capillary injector). The N-substituted amino s-triazines were synthesized from the corresponding amines using the general procedure of Thurston. 9 The purity of all products was controled by GC, IR and NMR.
The hydrocarbons used in this study as standards were obtained from Fluka (Switzerland). The carrier gas was nitrogen (flow rate 1 ml/min), injector temperature 250 ºC, split ratio 1:60, detector temperature 300 ºC, attenuation 1 and range 10 -10 A/mV.
RESULTS AND DISCUSSION
In this study, the gas chromatographic retention indices (I) of 25 N-substituted amino derivatives of s-triazines obtained on DB-1, DB-5 and DB-WAX capillary columns using programmed temperature gas chromatography (TPGC) were used to show that the retention in a temperature-programmed chromatographic system is a simple function of the number of atoms (Z) even if in the series of compounds the next member is more hindered by branching or increasing of the size of the ring present in the molecule. Specifically, in most of the studied N-substituted amino derivatives of s-triazines, the next member in the series was obtained by the addition of two methylene groups (Fig. 1, formula I) , which increases the voluminosity of the molecule. where R' is: Table I together with the number of points (n) used for the linear regression. The quality of the fit, as measured by the correlation coefficient (R), is also given.
The conventional procedure of predicting the retention index of an analyte molecule is to calculate the base value of the molecule by assuming the A value of each atom in the molecule is 100 i.u. (i.e., AZ = 100 Z) of retention index and then add to it the interaction or functionality contribution, i.e., the (GRF) value, according to Eq. (2). In the study of the N-substituted amino derivatives of s-triazines that is not the case in any of the series. The closest to the 100 value is series 4 (A = 95.59-95.79), in which only one methylene group is added to the alkyl group to obtain next member in the series. The reason for the deviation from 100 is probably caused by the presence of Cl and N atoms in the molecule, as well as by branching in the series, which on the other hand influence the interaction between the molecule and the column. Concerning the other series, A is much smaller than 100. Firstly, in these series, the series grow by the addition of two mehylene groups, since there are two alkyl groups present in the molecule of s-triazines. In series 1, 2 and 3, the alkyl groups are highly branched, while in series 5, cycloalkyl groups grow. One atom of Cl, however, remains in each s-triazine. Such molecular structures of the s-triazines significantly change their interaction with the column thus giving rise to much lower A values. Avalue of A smaller than 100 i.u. is interpreted to mean that the electron density distribution in the molecule is such as to allow the backbone structure of the analyte molecule to be retained for shorter times than the corresponding n-alkane molecule. In other words, a value of A lower than 100 indicates a lower electron density in the backbone structure of the analyte molecule than that of the corresponding n-alkane; the analyte molecule will be retained for a shorter period.
The retention indices of all five series of s-triazines on all capillary columns obey the retention index equation, Eq. (2) The DB-1 column is the most non-polar liquid phase and contains only Si-O and Si-C linkages with no polarizible or polar side chains and with only a minimum capability and polarity for intermolecular interactions with the analyte molecule. The backbone of the polyethylene glycol polymer on the DB-WAX column contains a string (C-C-O) groups which interact by hydrogen bonding with the analyte molecule to contribute to longer retention times. For this reason, the (GRF) value of series 5 is the highest on the DB-WAX column. On the other hand, the (GRF) values are the lowest on the DB-1 column. Since the A values are almost the same on each column, there is no change in dipole-dipole interactions between the analyte molecule and the polymeric stationary liquid phase. In this case (A 1 = A 2 ), the difference between two I values (DI, the column difference, Eq. (3)) of the same compound on two columns of different polarities is equal to the difference in the (GRF) values (Eq. (4)). 2, 5 DI = I more polar -I less polar = I 1 -
According to Eq. (2), the values of Z, (GRF) and A determine the retention of an analyte molecule. 2 Using the obtained data from this work, the retention index of the studied s-triazine can be predicted if all three values are given. Or, the eluation sequence can be predicted if only two of the values are known. U temperaturno-programiranom hromatografskom sistemu, promena retencionog indeksa (I) se mo`e prikazati kao funkcija zbira udela atoma i funkcionalnih grupa analiziranog molekula, tj. I = AZ + (GRF) z , pri~emu A predstavqa linearni regresioni koeficijent ili prira{taj retencionog indeksa po zbiru atoma (dI/dZ), Z broj atoma ugqenika, azota i hlora u molekulu s-triazina, (GRF) z retencioni faktor grupe ili funkcionalnu konstantu funkcionalnih grupa u molekulu, baziranu na broju atoma, Z. U radu je prikazana linearna zavisnost retencionog indeksa, dobijenog kori{}ewem temperaturno programirane gasne hromatografije, u funkciji broja atoma ugqenika, azota i hlora kod 25 derivata s-triazina. Posmatrani derivati s-triazina su podeqeni u pet serija prema strukturnoj sli~nosti i odre|ene su vrednosti A i (GRF) za svaku seriju. Najboqa korelacija je dobijena kod N-cikloalkil derivata s-triazina. 
